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INTRODUCTION
One of the main objectives of urban planning is to promote and assure a comprehensive development process. To achieve this purpose it is necessary to evaluate existing conditions, analyse trends, establish development strategies, define goals, specify projects and programs and allocate resources. The underlying assumption is that these projects and programs, when implemented, will upgrade the present pattern of urban conditions to an improved and more balanced pattern.
In practice, most projects and programs have a strong sectorial connotation, reflecting the urban administration structure. If there is no planning activity, each agency will propose its own development scheme based on its view of the urban reality, and set its own priorities and goals. As such, the more powerful sectors will tend to obtain a larger share of the available resources, while weaker sectors will compete for any remaining resources. Such a process will tend to aggravate distortions and inequalities throughout the urban landscape.
The main planning task, therefore, is to adopt a demand-oriented approach: guide the resource allocation process, dimensioning projects and programs according to a development strategy based on the urban conditions found in each area of the city. Under this principle, it is necessary to establish the performance levels each sector should have to improve the accessibility pattern to urban equipment, infrastructure and services.
Most sectorial agencies in the urban administration have their own development programs, which highlight their priorities, goals and strategies. Assessing the effective demand for these programs is often difficult, since resource allocation decisions tend to be subjective due to the lack of adequate means of comparison. How does one evaluate the need for housing improvements in one neighbourhood, vis-à-vis the demand for improvement in the water supply at another? How does one balance the public transportation expansion and the school upgrading program? A more accurate assessment of these issues is necessary to improve the resource allocation process and, ultimately, to attain higher public satisfaction with the results.
To dimension the degree to which each sector should improve its performance, it is necessary to evaluate the relative performance levels of all sectors. This is a challenging task. How does one identify and quantify the intensity and location of these actions? How does one assign resources among the several pressing issues? How does one evaluate the efficiency of the projects and programs in terms of achieving the original objectives? This paper discusses a method which helps to answer some of these questions, and finds a reasonable balance between the various actions that will be developed by sectorial agencies throughout the urban space. It will also facilitate assessing the apparent sectorial performance in each urban area, by defining resource allocation criteria. By establishing sectorial goals, it will help to estimate the investment requirements to attain these goals.
Assessing sectorial conditions by urban location is normally done by assembling and analysing urban data. This is often discouraging. The data available for analysis are generally collected by several different agencies for their own specific objectives, frequently being either too general or too specific for planning purposes. Furthermore, the data sources rarely adopt the same spatial subdivision, since their particular information needs are based on their own operational characteristics. Data analysis can be especially difficult in the context of rapidly growing cities in developing regions, where data are often scarce, issues easily confused and resources extremely limited. Yet it is exactly in this context and for these reasons that a quantitative approach method should be preferred, assuring that the distribution of resources will be made according to the effective demand. Such an approach will contribute to reduce existing distortions in the spatial distribution of urban equipment and services, by focusing investments in the sectors and places where the unbalance is more acute.
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The tools available to planners are usually borrowed from related fields, ranging from economics and statistics to urban geography and business management. Baxter (1976) , Chorley and Haggett (1976) , and Krueckeberg and Silvers (1976) describe various concepts and analysis techniques commonly used in planning. Examples of simple yet efficient uses of quantitative techniques can be found in Oppenheim (1980) , Spencer (1984) and Sweet (1985) . The United Nations Centre for Human Settlements (Habitat) developed an Urban Data Management System (1981) , demonstrating that urban data management and modelling systems can be based on small data sets and still provide the level of insight required by planners.
Currently, normal office software and notebook computers can perform all the basic data analysis required for urban planning except mapping. GIS software can provide this and many other resources for urban management tasks, yet are not essential for strategic planning, where a broader view is more important than the control of detailed information. This paper will discuss a system to select and display urban data in a format that will facilitate appraising and quantifying the demand for sectorial improvements at each urban zone. This system can also facilitate the establishment of sectorial goals that should be attained to fulfil a predefined urban development strategy. Finally, it can contribute to the allocation of resources among the several sectors and thus help to quantify sectorial development programs.
The system proposed is based on using indicators to represent each urban sector. These indicators are derived from a small data base, in which the information is aggregated by zone thus providing the necessary spatial connotation. The indicators are then normalised, to allow direct comparison of the performance of each sector at each zone. Displaying the normalised indicators in graphic format facilitates data analysis and the evaluation of urban conditions among sectors and zones. Once the relative needs of each area are appraised, an interactive model is used to assist defining goals and estimating the demand for investments.
URBAN INDICATORS
While there is no perfect way to represent the conditions of each urban sector, it is common practice to assume that the sector's status can be appraised with reasonable accuracy by one or more indicators, which present a close proxy of these conditions. In this way, a national development level is usually represented by its income per capita, health conditions by infant mortality or life expectancy at birth, education by the literacy rate, and so on. While each indicator can only represent a particular aspect of the sector they belong to, they are able to convey the general level of performance of the sectors.
There is an immense amount of information that is collected regularly by various sectorial agencies. However, not all data are suitable to be used as indicators. Indicators should represent the performance of the selected sector reasonably well. Often there are cases where a single indicator does not conveniently represent its sector. In such an instance, it will be more appropriate to generate a compound indicator, aggregating the more relevant aspects of the sector. For comparative purposes, the resulting single value will represent better the performance of the sector than any of the individual factors by itself.
As an example, the performance of the water supply system could be assessed by a combination of two indicators, such as the ratio of dwellings with piped water supply and the volume of water supplied per capita per day. A simple compound indicator could be obtained by calculating the product of these two elements. As such, if 75% of the dwellings have piped water and the volume of water delivered is 60 litres per capita per day, the water indicator would be 45. Likewise, if another zone has 85% of dwellings with piped water and receives 100 litres per capita per day, the value of its water indicator will be 85. In this example, the water supply system of the latter zone would be relatively better than the first. If some factors are more important than others, a weighing system should be introduced, so that the final value reflects reasonably well the apparent sectorial conditions throughout the city.
Dividing of the city into zones is necessary to assess the urban conditions throughout the city. In principle, the zoning system should refer to existing neighbourhoods and be as homogeneous as possible. Data should be available for all the spatial subdivisions (zones) of the city, so that the conditions of the zones can be compared. This may be the greatest obstacle to overcome in obtaining data. Most data collecting agencies define their geographical subdivisions according to their own operational characteristics and these areas rarely coincide with the subdivisions adopted by other agencies. Furthermore, some sectors do not aggregate their information by area, but by network. Despite these constraints, it is usually possible to conceive a zoning system for which sectorial data are available.
A large number of valuable indicators can be assembled which represent well the urban context. For the purpose of this paper, the indicators should be limited to the sectors that can be controlled or directly influenced by the urban administration, such as land use, housing, infrastructure, local services, transportation, education, health, environmental quality, etc. Although other indicators may be very informative, if an aspect is beyond the local government's sphere of competence, it cannot be addressed by local projects or programs and therefore is redundant. To identify and dimension urban projects, therefore, the indicators selected should represent issues that can be improved by the local government, through its own financial and regulatory means, and by other levels of competence, that could be induced to participate in the process.
In practice, the group of indicators and the spatial subdivision system adopted tend to be a compromise between the relevance of the issue and the availability and representativeness 6 of data. In Karachi, 1 where this method was originally conceived, the city was divided into 58 analysis zones which were considered to be reasonably homogeneous for planning purposes. The land use typology and characteristics of each zone were further assessed by satellite and aerial photographs, which were used as an aid to interpolate data from agencies using different spatial subdivisions. The indicators selected in this project
represented urban sectors such as economy (income per household and ratio of unemployment), housing (number of households per dwelling, ratio of formal and informal housing), water supply (ratio of dwellings with piped water and volume of water distributed per capita), sewer system (ratio of dwellings with sewers), power supply (ratio of dwellings with electricity), gas system (ratio of dwellings with gas), communications In principle, one can relate each sector to an external standard, and then assess the local performance by evaluating these values. In this manner, if the indicator for the electricity sector is 90% of the electricity supply standard, and the indicator of the water sector is 80%
of the water supply standard, one would infer that the electricity system is approximately 13% better than the water system. Yet, as discussed above, the use of external standards is not always adequate. Particular conditions of the city, such as topography, distance to supply centres and local climate can facilitate a better performance of some sectors, while restraining others. To be sure, external standards are very useful as a general reference, but should be avoided as the preferred evaluation benchmark.
Possibly the best way to appraise sectorial conditions of a particular zone would be to compare the value of the indicator with the urban mean. The urban mean reflects the response to the historical demand in each sector, in which the prevalent economic, social and physical conditions continuously play their part. Furthermore, the demand for a particular service tends to be more influenced by the performance levels in neighbouring zones than any proposed external value. For instance, if the highest supply level in the city is 100 litres per capita per day, the zone that has that level is the best serviced and thus has a lower claim for improvements than any other zone, even if the absolute value is substantially lower than the recommended supply.
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Under this assumption, zones with performance levels higher than the urban mean would demand relatively less investment for development than zones with performance levels lower than the mean. The demand for improvements in each sector would therefore tend to be consistent with the distribution pattern of the indicator values, as measured by the standard deviation of the sector. In a normal distribution pattern, about 64% of the results are within plus or minus one standard deviation and 94% within two standard deviations. As such, it follows that if the indicators are normalised (i.e. related to the normal distribution pattern), they will reflect better the relative performance of each sector at each zone. 2 This procedure assumes a normal distribution of the data. In other cases, log transforming the data can reduce its skewness, resulting in more interpretable results (Kovach, 1985) .
where N i , j is the normalised value of indicator i for zone j, X i , j is the value of the indicator i for zone j, X i is the mean of indicator i and S i is the standard deviation of the indicator i.
The values of the normalised indicators can be presented in a table, with columns representing the sectorial indicators and rows the spatial units (zones). As such, each column will represent a sectorial profile -the various performance levels of that particular sector throughout the city. Likewise, each row will represent a zonal profile -all the sectorial performance levels in that zone. These profiles can be displayed in graphic format, making it easier to visualise the variation of urban conditions by zone and by sector.
IMPLEMENTING AN URBAN ASSESSMENT SYSTEM
Structure of the system
A simple urban assessment system can be built using a typical spreadsheet. This option allows great flexibility and ease of use for data entry and updating, as well as easy generation of graphics and tables for analysis. Since all the data and programs can be stored in the spreadsheet and be linked together, every time the data are changed all recalculations are done automatically. This feature makes it possible to obtain updated indicator information each time the basic data are changed or revised.
The basic system is composed of three matrices with a similar format. The first, the 'basic data' matrix, is used as the main data base, storing all the sectorial data needed to build the indicators. All data input is made into this matrix. The second, the 'urban indicators' matrix, will calculate and display the zonal indicators, based on the values of the data base matrix.
The third, the 'normalised indicator' matrix, will calculate and display the normalised values of the indicators.
The three matrices have the same general format: the rows identify the zones, and the columns the specific attributes. As such, all three will have the same number of rows -one for each zone. The number of columns of the basic data base is the same as the data items needed to calculate the selected indicators. The indicator matrix has a similar format, except that the columns will identify the selected indicators. The normalised data matrix is identical to the indicator matrix, displaying the normalised values of the indicators.
In the indicator data base each cell holds the formulae that will retrieve data from the basic data base and calculate the value of the corresponding indicator. Additional rows are necessary to calculate the mean and standard deviation of each indicator. 3 This procedure assumes a normal distribution of the data, a condition that sometimes is not met. The cells of the third matrix contain the formula to compute the normalised value of each indicator for each zone. Report generation is easily achieved by the application itself, displaying the data in tables and in graphic format.
While for most indicators a positive and higher value indicates better conditions, there are some where a negative value represents a better performance. This would be the case for indicators such as time of travel, in which a lower value indicates a more efficient transportation system. To facilitate analysing the profiles, the normalised indicators in which lower values represent better performances should be multiplied by minus one. This inversion will assign positive values to all sectors with better performances, so that they will be displayed in the upper part of the charts.
Implementing the system
The first step in setting up this urban assessment system is to define the number of spatial units, or zones, and select the indicators that will be used to assess the urban conditions in those zones. The sectorial indicators will determine the data items that will be required.
Once the number of zones, the data items and the indicators are defined, the spreadsheet matrices can be assembled, and data can be entered into the system. The values of the indicators, as well as the standard and normalised formats are then automatically computed and displayed.
A simplified example of the three matrices that compose the system is shown in the following pages, representing a city divided into 12 planning zones. Table 1 displays the basic data base and input matrix, containing all data necessary to run the system. Table 2 shows the indicator matrix, where the values of the indicators, the mean and the standard deviation are calculated for all sectors. Finally, To facilitate describing the system, no aggregated indicators were used and no attempt was made to balance the relative importance of the sectors by using a weighing system. In practice, however, both alternatives should be considered.
Analysing urban conditions
Although relative urban conditions can be directly assessed by analysing the values of the normalised indicators, it is easier and more rapid to compare the sectorial and zonal profiles in graphic format. In this example, bar charts of sectorial and zonal profiles were generated Figures 1 and 2 illustrate two zonal profiles (zones 2 and 7) from the example:
Zone 7 presents very low performance levels in the housing and infrastructure sectors (indictors 1, 2 and 3), although the performance in the other sectors is better than average.
Thus, the situation of housing and infrastructure should deserve further analysis to identify the causes of the situation and the actions that are suitable to improve these conditions. Zone 2, on the contrary, depicts a zone apparently without any significant issue. All indicators are reasonably near or above the urban mean.
The following Figures 3 and 4 illustrate two sectorial profiles, displaying the conditions of housing and water supply (represented by the distribution of informal dwellings and the number of water connections). The housing profile highlights that the housing issue is more acute in zone 7, followed by zones 3 and 11. In the same way, the water supply system is extremely deficient in zones 7 and 3. In a similar way, all zones and sectors should be analysed, identifying the critical issues and their spatial location.
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One of the main advantages of using zonal profiles to analyse urban conditions is the possibility of displaying the spatial distribution of the relative performance of each sector in a compact format. This characteristic allows the rapid visualisation of critical issues and their location. However, the urban indicators acting as proxies for the various urban sectors cannot be expected to represent with great precision any particular issue. Furthermore, since the zonal values are the average for each zone, a more heterogeneous distribution within that zone will not be noticed. As such, before dimensioning sectorial actions or development programmes, the target areas and issues in question should be examined in detail, considering the particular aspects and circumstances prevailing in each area.
Development strategies
After identifying the main issues and their locations, it is necessary to define a policy to deal with these issues. It would be unrealistic to suppose that the prevailing urban conditions could be raised much beyond the average levels found in similar cities, or much above the urban national average. If such a policy is adopted, not only will it require massive investments -probably beyond the local financing capacity -but it will also attract migration from other centres which will tend to revert the urban conditions to the previous levels.
More pragmatic alternatives might be to consider establishing policies which aim to raise the zonal conditions below average to the urban mean, or to another pre-established level.
This process by itself will raise the average conditions of the city. Another policy could establish that all zones should be improved, by a fixed percentage or by a variable rate aiming to reduce zonal inequalities. The latter policy could be implemented by directing selffinancing schemes to the 'best' zones, and concentrating public investments on improving the 'worst' areas.
These examples are only some of the options for establishing urban development policies.
Others may focus on particular issues, such as environmental quality, social development, 20 public transportation or infrastructure. Still others may be defined according to prevalent political trends.
Variations in the urban conditions are assessed by changes in the values of the indicators.
When new data are entered in the input matrix the performance indicators are automatically calculated. Therefore, the system can be used interactively, by modifying the data at the input matrix until a desired pattern of performance levels is obtained.
These selected changes could then become the initial development objectives.
Defining development goals
An urban development programme obviously should not focus in simply improving the particular aspects that are used in the indicators. The actions proposed must be comprehensive and reflect local conditions, opportunities and constraints that cannot be shown only through the indicators. Furthermore, a program to enhance the water system at one place may also be used to improve neighbouring areas at a marginal cost. On the other hand, there are thresholds of supply that must be observed. Power plants, telephone exchanges, water supply lines, roads, bridges, schools, parks, etc. all have standard production capacities or more economical dimensions that must be considered when defining development goals. As such, the initial goals resulting from the local demand should be revised to consider these physical, economical and operational opportunities and constraints.
It is important to stress that improving a sector, as for instance the electrical supply system, does not mean merely increasing the number of electrical connections, but comprehensively upgrading the whole system: from power generation and transmission to energy conversion and local distribution, as required to satisfy the established goals. Since the comprehensive upgrading of each system has inherent industrial and operational 21 thresholds, this factor should have a major influence in the establishment of the sectorial goals, aiming to achieve more cost effective programmes.
CONCLUSIONS
The system discussed is reasonably simple to implement, requires relatively few data and can provide a basic guideline to dimension development projects. As such, it can be a valuable tool to discuss planning alternatives. The major obstacle to overcome is to assure that each zone is reasonably homogeneous so that the zonal indicators can reflect reasonably well the existing conditions. While the example shown was made simple for demonstration purposes, only availability of data limits expanding the system to more complex levels. One such option could be incorporating cost functions, reflecting cost variations, operational thresholds and other factors. Yet expansion should be limited to the extent to which the performance of the model can be easily appraised. If the model is to be extended, it is preferable to use independent modules so that the results of each can be appraised separately. These modules could eventually be linked together to present consolidated results. This procedure would allow more control over the system, avoiding distortion in the results from possible data errors or programming limitations.
